As climate change alters environmental conditions, the incidence and global patterns of human diseases are changing. These modifications to disease profiles and the effects upon human pharmaceutical usage are discussed. Climate-related environmental changes are associated with a rise in the incidence of chronic diseases already prevalent in the Northern Hemisphere, for example, cardiovascular disease and mental illness, leading to greater use of associated heavily used Western medications. Sufferers of respiratory diseases may exhibit exacerbated symptoms due to altered environmental conditions (e.g., pollen). Respiratory, water-borne, and food-borne toxicants and infections, including those that are vector borne, may become more common in Western countries, central and eastern Asia, and across North America. As new disease threats emerge, substantially higher pharmaceutical use appears inevitable, especially of pharmaceuticals not commonly employed at present (e.g., antiprotozoals). The use of medications for the treatment of general symptoms (e.g., analgesics) will also rise. These developments need to be viewed in the context of other major environmental changes (e.g., industrial chemical pollution, biodiversity loss, reduced water and food security) as well as marked shifts in human demographics, including aging of the population. To identify, prevent, mitigate, and adapt to potential threats, one needs to be aware of the major factors underlying changes in the use of pharmaceuticals and their subsequent release, deliberately or unintentionally, into the environment. This review explores the likely consequences of climate change upon the use of medical pharmaceuticals in the Northern Hemisphere.
changes in the earth's climate, and in the global environment more generally, have enormous significance for the human population (World Health Organization 2009) . Indeed, in 2009, the Lancet Commission concluded that "climate change is the biggest global health threat in the 21st century" (Editorial 2009 ).
Climate models predict more rain in high latitudes leading to flooding, more forceful tropical cyclones with greater wind speeds, and a poleward shift in storm tracks. These changes alter wind, precipitation, and temperature patterns (Intergovernmental Panel on Climate Change 2007; . Several influential papers discussed the effects that climate change might exert on pathogens (Mills et al. 2010; Relman et al. 2008) , disease vectors (Bengis et al. 2004; Bohm et al. 2007 ), environmental health (Harvell et al. 2002; Campbell et al. 2011; Epstein 2001a) , livestock (Boxall et al. 2009 ), human health (McMichael et al. 2006; Haines and Patz 2004; Cooney 2011; Kang 2011) , disease mitigation and control strategies across various parts of the globe or regarding specific health threats (Beggs 2010; Chitsulo et al. 2000; Costello et al. 2011) , and even environmental contamination by persistent organic pollutants (POPs; United Nations Environmental Programme and Arctic Monitoring and Assessment Programme 2010). However, it is striking that little attention has been paid to the influence that climate-related changes in disease patterns and incidence may exert upon medical pharmaceutical usage, both in terms of their economics implications and regarding their environmental impacts.
This review aims to provide a number of illustrative examples to stimulate further thought and debate, as opposed to conducting a full systematic review of the subject; therefore, the applied methodology consists of utilizing reviews of the impacts of climate change upon disease distribution to first establish the main areas for discussion. Selection of illustrative examples within the identified topics was based upon the availability of information, with respect to detailed predictions regarding potential range shifts of agents (and vectors and hosts, where applicable) and the presence of several studies with similar or related findings (as opposed to a single study in isolation, thus with a limited data set). Further information regarding pharmaceutical use was obtained by searching a number of medical literature resources (please see table legend) for the selected illustrative diseases/illnesses.
PHARMACEUTICAL DEMAND AND IMPACT
The transport, fate, and subsequent ecotoxicological effects of pharmaceuticals and their metabolites in the environment have been under examination for several decades and have been extensively documented (Ayscough et al. 2000; Halling-Sorensen et al. 1998; Heberer 2002; Ternes 1998; Daughton and Ternes 1999) . As pharmaceuticals are neither completely removed by routine sewage treatment processes nor entirely degraded, their ubiquitous presence in the environment is perhaps unsurprising (Carballa et al. 2004; Golet et al. 2002; Heberer et al. 2001; Kümmerer 2010) . Concern is growing, however, about the damaging consequences that these compounds currently exert on biota, or may in the future. This has been illustrated already by the deaths of millions of vultures on the Indian subcontinent following exposure to the nonsteroidal anti-inflammatory drug (NSAID) diclofenac, the well-known (and ongoing) cases of fish feminization associated with excreted components of women's contraceptive pills, and the global spread of antibiotic resistance in the environment (Taggart et al. 2007; Gilbert 2011; Hirsch et al. 1999) . The latter recently led the UK's Chief Medical Officer to declare, "Antibiotics are losing their effectiveness at a rate that is both alarming and irreversible-similar to global warming" (Dame Sally Davis November 2012) .
Changes in pharmaceutical use in the Northern Hemisphere because of climate change and the subsequent increased presence of drugs in the environment could have unintended and unexpected effects on the structure and functions of ecosystems. Impacts may be exacerbated by several factors, including our growing global population, the aging demographics of many Western and developing nations, obesity, the depression epidemic, and the rising availability of inexpensive generic drugs. These factors may result in elevated drug consumption and environmental release (Depledge 2011a; 2011b) . Horizon scanning will be necessary to assess which pharmaceuticals could do most harm and identify potential mitigatory and preventative interventions.
The aim here is not to provide an exhaustive review of changes in disease distribution and related pharmaceutical use due to the complex and interactive nature of climate change and other factors affecting pharmaceutical demand (including public health mitigation and control measures, and socioeconomic status). Instead, this review highlights specific climate change impacts that lead to disease: for example, those linked to temperature extremes, altered air quality, increased rainfall, and flooding. This review illustrates that changes in acute and chronic disease patterns (communicable and non-communicable diseases, vector, soil-, water-and food-borne diseases) are inevitable, and that associated changes in pharmaceutical use need to be managed.
The three linked diagrams presented in this review show how different pharmaceuticals are associated with various health conditions. Climate change could make these drugs more prevalent. A key to the diagrams is provided in Figure 1 .
NON-COMMUNICABLE AND COMMUNICABLE DISEASES

Temperature Effects
Non-communicable diseases currently represent about two-thirds of all global diseases (Friel et al. 2011) . The number of people affected will rise by several hundred thousand worldwide as the climate continues to change. The frequency, duration, and intensity of heat waves will exert an especially strong influence. An increasing number of vulnerable people have suffered heat stress during recent summers, causing thousands of deaths across Europe. The elderly and those with underlying cardiovascular and cerebrovascular diseases face particular risks (D'Ippoliti et al. 2010) . Treatment of cardiovascular disease is often complex and involves a "cocktail" of drugs tailored to the patient's symptoms. This often includes diuretics to reduce blood pressure, statins to tackle high cholesterol, and salicylates and antiplatelets to reduce blood clot formation (Table 1) . Prophylactic treatments for those prone to cerebrovascular disease are similar to treatments used in cardiovascular disease, although anticoagulants are most important after an ischemic stroke (Table 1) .
Personal behavior also alters during heat waves: Individuals spend more time outdoors, leading to more cases of sunburn and increased use of cortisone (steroidal) creams and pain relief medications (Table 1 and Figure 2 ). Longer term exposure to sunlight may also produce actinic keratoses of the skin. In severe cases, or cases in which squamous-cell carcinoma develops, treatment with chemotherapeutic antimetabolites may be necessary (Table 1 and  Figure 2) .
People tend to wash themselves and their clothing more often in hotter weather, increasing the use of deodorants and detergents and other personal care products. Climate change is also associated with more erratic rainfall patterns, which in some regions results in seasonal water shortages and less washing. Infections may occur if good standards of personal hygiene are not maintained. An infestation of the mite Sarcoptes scabei produces dermatitis, and an infection with the gram-negative bacteria Chlamydia trachomatis produces conjunctivitis and trachoma (World Health Organization 2001a; 2001b) . Antibiotics are necessary in the treatment of trachoma (Table 1) . Scabies infections are dealt with using medicated creams that commonly contain insecticides, and even with oral anthelmintics. Diseases that disrupt the skin surface increase the risk of secondary bacterial infection. In the case of scabies, the secondary The term "global warming" is often used to describe the impact of greenhouse gas accumulation on the earth's climate. However, it is now clear that extreme climatic variations, involving both heating and cooling, take place. Heat waves and more severe winters are likely in the Northern Hemisphere. Overall winter temperatures may be higher, but more frequent and intense winter storms are predicted. Strong storm winds increase cold exposure for many vulnerable individuals, raising the incidence of illnesses directly related to cold temperatures (such as hypothermia and frostbite) and lowering resistance to respiratory infection. Complications are more likely to arise in those with underlying cardiovascular and respiratory diseases (Conlon et al. 2011) . Decongestants, expectorants, pain relief medication, and, for susceptible individuals, antiviral medications are commonly used to treat common coughs, colds, and influenza; these drugs may be required in larger amounts in the future (Table 1 and Figure 2 ). Pneumonia and acute bronchitis usually have a viral and/or bacterial etiology. Because it can be difficult to ascertain the etiology of these diseases, antibiotics are typically administered, especially to those at greatest risk ( Table 1 ). The preceding examples illustrate how more illness arising as the climate changes may lead to increased pharmaceutical use.
Precipitation and Flooding
Climate change is affecting rainfall patterns as well as temperature. The frequency and intensity of flooding are increasing worldwide (Lugeri et al. 2010; Kundzewicz et al. 2006; 2008) . Health issues over a wide range are associated with floods, but many depend upon the socio-economic status of the population affected and the responses of local authorities. Extreme flood events, in particular flash floods, elevate the risk of drowning, physical injury such as broken bones, and hypothermia. However, in areas where the local authority response is inadequate, secondary consequences may follow and exert a significant influence on local pharmaceutical requirements. These include injury complications such as infections, detrimental outcomes for mental health, the emergence of communicable and vector-borne diseases, particularly with contaminated water, and in the worst cases, malnutrition (Du et al. 2010) . Mental illnesses, including psychological distress following natural disasters and severe environmental degradation, are exacerbated by ill health and vice versa (Verger et al. 2003; Chae et al. 2005; Reacher et al. 2004; Speldewinde et al. 2009 ). Various pharmaceuticals are needed to treat the injuries and diseases linked with floods (Tables 1 and 2 and Figure 2 and 3) . To date, however, detailed information about the extent of increased drug use and associated costs has not been assembled.
Climate and Air Quality
Climate change exacerbates the health impacts of aeroallergens such as pollen and mold spores, and increases the prevalence of algal toxins. Changing meteorological conditions and rising temperatures influence atmospheric pollen content; this occurs through changes in pollen production and shifts in, or even lengthening of, the pollen-production season. In addition, the geospatial distribution of pollen is changing: Plant ranges and long-distance atmospheric transport are moving poleward as new and predicted atmospheric circulation patterns emerge. Interestingly, the movement of plant ranges may also result in the disappearance of some pollen types, along with the emergence of other pollens more suited to the new climate. The health consequences of this have not been assessed. Although agricultural crops grown on large scales are one of the more important pollen sources to consider, shifting plant ranges, crop varieties, and densities make it difficult to predict whether pollen counts will rise overall.
Higher CO 2 concentrations and temperatures associated with climate change may result in the production of pollen that is more allergenic in nature (defined as allergen concentration in the pollen grain) (Beggs 2010) . Conversely, increasing amounts of ground level ozone globally may suppress photosynthesis and ultimately pollen production (Royal Society 2008) . Climate change is also expected to affect the production of mold spores, particularly indoors. This may be especially relevant in developed countries, where adults and children spend more than 90% of their time indoors (U.S. Environmental Protection Agency Office of Air and Radiation 1989).
In the future, coastal communities may experience increased exposure to algal toxins in aerosols (Anderson et al. 2012) . In Florida, for example, toxic algal blooms release aerosolized brevetoxins into the atmosphere, exacerbating asthma and other existing respiratory diseases in exposed, susceptible individuals (Fleming et al. 2011) . Potential rises in the pharmaceutical treatment of these conditions mirror It is a compelling hypothesis that a rise in aeroallergens and algal toxins influences rates of respiratory disease, including asthma and allergic rhinitis, while also exacerbating atopic dermatitis. This leads to greater pharmaceutical use. Prophylactic treatments for chronic asthma consist of aerosolized medications of beta-adrenergic agonists in combination with corticosteroids and the leukotriene receptor antagonists. For acute asthma attacks, betaagonists, anticholinergics, and corticosteroids are used, while allergic rhinitis ("hay fever") is treated with corticosteroids, decongestants, antihistamines, and leukotriene receptor antagonists. Antihistamines and corticosteroids are used to treat atopic dermatitis (eczema), which often occurs alongside asthma and in allergic rhinitis sufferers (Table 1 and Figure 2 ).
Respiratory conditions are made worse by deteriorating air quality associated with climate change. Kinney (2008) describes how more sunlight and higher temperatures lead to increased ozone formation at ground level. Further, long periods of drought elevate the risk of wildfires, which intensify fine particulate air pollution. This has been particularly apparent in Australia in recent years . Floods elevate the prevalence of molds and microbes, which also aggravate respiratory illnesses (Kunii et al. 2002; Biswas et al. 1999 ; Centers for Disease Control and Prevention 2006; Riggs et al. 2008 ). All of these factors worsen symptoms in those with respiratory conditions, and increase pharmaceutical use.
VECTOR-BORNE DISEASES
Changes in climate prompt changes in the abundance and distribution of populations of organisms in ecosystems. Since pathogens are transmitted between a variety of vertebrate animals and humans, changes in the incidence of vector-borne disease can be expected. These zoonotic infections represent approximately 60% of human pathogenic illnesses (Bengis et al. 2004 ). The impacts that climate change exerts upon the pathogen itself, pathogen vectors, and the hosts of vectors are important to take into consideration.
Mosquito Vectors
Various models have predicted the spread of mosquito species poleward in the Northern Hemisphere. Fischer et al. (2011) (Gratz 2004; Mitchell et al. 1987; Cancrini, et al. 2003a; 2003b; Calzolari et al. 2010; Vázquez et al. 2011) . Transmission of the Dirofilaria spp. to humans rarely produces health problems, although occasionally treatment with an antiparasitic agent and an anthelmintic is required (Table 2 and Figure 3) .
Pharmaceuticals are also used in prophylactically and treatment for pets succumbing to Dirofilaria infections ( Table 2 ). The spread of A. albopictus in Europe and the United States has already affected human health; endemic chikungunya virus and dengue fever have reappeared in Italy, France, Croatia, Hawaii, Texas, and Florida (Rezza et al. 2007; La Ruche et al. 2010; Queyriaux et al. 2008; Schmidt-Chanasit et al. 2010; Gjenero-Margan et al. 2011 ; Centers for Disease Control and Prevention 2010b; Adalja et al. 2012 ). The zoonotic flavivirus West Nile virus is now also widespread in the United States and Canada after its suspected introduction by migratory birds in 1999 (Epstein 2001b; Rappole et al. 2000; El Adlouni et al. 2007) .
It is temperature that largely determines the development of the protists Plasmodium vivax and P. falciparum, which produce malaria. Temperature changes due to climate change may lead to a 12-27% increase in transmission (Martens et al. 1997) , placing an additional 200 million individuals at risk of contracting malaria (Béguin et al. 2011 ) and requiring an enormous rise in drug therapy. Former breeding sites for the malaria mosquito vectors, Anopheles spp. and Aedes spp., are still present in many developed countries, including the United States and Southern and Central Europe, where malaria may return (Martens et al. 1997 ). However, since malaria was eradicated previously, it seems likely that managing this problem by land drainage and the use of pesticides will be feasible if the need arises. Further information about the range of medications required to treat mosquito-borne diseases are provided in Table 2 and Figure 3 .
Tick Vectors
Mosquitoes are not the only disease vectors that are affected by climate change. The range of the castor bean/sheep tick, Ixodes ricinus, for example, is spreading northward (Lindgren et al. 1999) . Lyme disease and tick-borne encephalitis are caused by several species of Borrelia bacteria and the tick-borne encephalitis virus, respectively. Both will be of huge concern for Europe ). Lyme disease is treated with antibiotics (Table 2 and Figure 3 ). Although an inactivated vaccine is available for tick-borne encephalitis, there is not an established treatment program for sufferers (see Table 2 for associated medications).
Modeling indicates a range shift for transmission of the zoonotic bacterial pathogen Francisella tularensis, which produces tularemia (or "rabbit fever"; Nakazawa et al. 2007 ). With diseases of this type, in which complex pathogen-vector-host interactions occur, the effects of climate change on the vectors (ticks, fleas, and flies), their hosts (rodents and lagomorphs), and the pathogen itself (which may be directly transmitted between vertebrate hosts and humans) needs to be considered (Harvell et al. 2002; Relman et al. 2008 ). The F. tularensis subspecies responsible for the infection, strain virulence, and infection route play important roles in the symptomatic profile observed, although all cases are treated with antibiotics (Table 2 and Figure 3 ).
Flea Vectors
The flea Xenopsylla cheopis is the vector of the bacterial pathogen Yersinia pestis, which produces plague in humans. Prevailing climate is crucial in determining disease transmission, with warmer and wetter conditions benefitting both plague vectors and hosts. Once again, climate change is driving a poleward range shift in transmission of the disease (Enscore et al. 2002; Eisen et al. 2007; Nakazawa et al. 2007; Parmenter et al. 1999) . The importance of climate in relation to plague transmission was further emphasized by studies exploring the relationship between climatic events (e.g., the Pacific decadal oscillation and El Niño southern oscillations) and human transmission rates, and with prairie dog colony extinction events (Ari et al. 2008; Stapp et al. 2004 ). The infection route for Y. pestis in humans determines which form of disease is contracted (bubonic plague, pneumonic plague, or septicemic plague), thus influencing the symptomatic response. More antibiotics will be used to treat plague casesdrugs that are similar to those used in tularemia ( Table 2 and Figure 3) . Where prophylactic measures are needed to limit further spread of the disease (e.g., when an individual has had close contact with someone suffering from pneumonic plague), antibiotics are also used.
Fly Vectors
Visceral and cutaneous leishmaniasis are produced by different subspecies of the protozoan Leishmania; both are now endemic in Europe. The impact of climatic change on the distribution of leishmaniasis vectors (i.e., the sandfly Phlebotomus and Lutzomyia spp.) is difficult to predict, as the presence of specific vegetative habitats correlates with transmission rates. Localized land use will therefore exert a significant impact (Ready 2010) . However, in areas where leishmaniasis is endemic, climatic events such as El Niño southern oscillations may result in greater transmission rates in subsequent years (Franke et al. 2002) . El Niño events are expected to increase in frequency as climate change proceeds, leading to an elevated worldwide risk of infection with Leishmania.
The presence and density of hosts (including canines, marsupials, and rodents), which serve as disease reservoirs (Diniz et al. 2008) , is likely to be of even greater importance to leishmaniasis transmission. These factors affect disease incidence and need for drug treatment. The general health of individuals is also significant, including co-infections of leishmaniasis with HIV, which is well known in Southern Europe (Alvar et al. 1997; Rosenthal et al. 1995) . Pentavalent antimony compound medications are used in preventative and treatment regimes, along with a number of antimicrobial/antifungal/antiprotozoal drugs (Table 2 and Figure 3 ). Supportive therapy is also required to tackle co-occurring anemia, hemorrhagic complications, secondary infections, and the nutritional status of the infected individual.
Other Vectors
Chagas disease (also known as American trypanosomiasis) is another vector-borne disease that may become increasingly important as climate change progresses. The pathogen responsible is the flagellate protozoan Trypanosoma cruzi, with Triatominae (assassin bugs) as the disease vector. Chagas disease starts with an acute infection, which, over years, develops into a chronic condition affecting the heart, digestive, and nervous systems. Antiparasitic drug use will increase if climate change enables the incidence of Chagas disease to rise. In turn, the application of treatments for cardiac, digestive, and neurological symptoms will also rise (Bern et al. 2007 ; Table 2 and Figure 3 ).
Wild and domesticated mammals are among the wide range of mammalian hosts carrying the disease's insect vector. Significant correlations between populations of Triatominae vectors and host rodents have been found (Peterson et al. 2002) . The influence of climate change on the insect vector is difficult to predict, but the geographic distribution of wild vectors will probably widen due to higher temperatures (Carcavallo 1999) . Lower humidity might also shorten life cycles.
Hosts and Disease Reservoirs
The prevalence of various vector-borne illnesses heavily depends on how climate change impacts host ranges and densities. Climate change might reduce disease transmission as species are driven out of areas that become too wet or unstable to support them. Nonetheless, range extensions have attracted most attention. For example, rodent populations are affected by precipitation: Heavy rainfall events that increase primary production subsequently result in a boom in rodent populations (Brown and Singleton 1999; Leirs et al. 1996; Lima et al. 1999; Brown and Zeng 1989) . When drought precedes these rainfall events, rodent outbreaks are magnified by declining predator populations (Epstein 2001a) . Regardless of population size, extreme climatic events raise the likelihood of disease transmission as rodent behavior is modified (e.g., entering human dwellings to seek food or refuge) (Gubler et al. 2001) .
In more rural areas worldwide, the effects of climatic change on wild animals serving as disease reservoirs and vector hosts may be one of the most important factors influencing vectorborne diseases for humans and livestock. Bohm et al. (2007) illustrated the key role of wild vertebrates by studying the expanding range of all six UK deer species. Wild animals are not vaccinated so may act as a disease reservoir, transferring diseases to livestock, humans, or invertebrate vectors. Wild deer are commonly subject to at least 39 infestations, most of which are produced by contact with livestock. Regions where deer populations are extending their range or becoming denser, due to changing climatic conditions, may see a rise in tickand flea-borne diseases.
The drugs required to treat zoonotic and vector-borne diseases originate from diverse classes within the pharmaceutical arsenal. The changing ranges of these types of diseases could lead to major shifts in drug use profiles (Table 2 and Figure 3 ). It may become necessary to treat more livestock, either as a control measure or to address infection. People spending time in natural areas through occupation or recreation will be at greater risk. Those living in "animalloving" countries may also be more vulnerable to vector-borne and zoonotic diseases because pets can be vector hosts or reservoirs of disease. Further application of pharmaceuticals and insecticides on pets, either for treatment or as a prophylactic measure, may be required (Otranto and Wall 2008) .
SOIL-, WATER-, AND FOOD-BORNE DISEASES
The World Health Organization and the United Nations Environment Programme are among those drawing attention to the threat climate change poses to soil and water quality, and food security. These changes have major implications for human health and pharmaceutical use. Outbreaks of food poisoning for example are expected rise by 10,000 cases per year in the United Kingdom as climate change proceeds.
Soil-Borne Pathogens
Human cryptococcal infections produce cryptococcal meningitis or pneumonia. The inhalation of fungal spores also leads to simultaneous cryptococcomas in the lung, brain, or muscle. These infections are primarily produced by the yeast species Cryptococcus neoformans and C. gattii, and historically have been seen in tropical and subtropical zones (Sorrell 2001) . The last decade has seen escalating outbreaks of C. gatti in human and animal populations in Canada and the United States, some of which were severe enough to result in death (Datta et al. 2009 ; Centers for Disease Control and Prevention 2010a; MacDougall et al. 2007; Galanis and MacDougall 2010) . Cryptococcus gatti emergence in temperate regions has been attributed to the creation of conditions suitable for spore survival and propagation because of climate change, or to the adaptation of C. gatti to a new climatic niche. Cryptococcus gatti is expected to spread to the Northern Hemisphere over the coming years (Dixit et al. 2009; Datta et al. 2009 ). Cryptococcal infections are treated with antifungal agents, and corticosteroids when the central nervous system has been affected (Perfect et al. 2010) (Table 3 and Figure 4 ).
FRESHWATER-AND FOOD-BORNE PATHOGENS
It is known that climate change is likely to produce more floods and heavy rain due to warming of the oceans (Haines and Patz 2004; Diaz 2004) . Indirect health consequences include a surge in freshwater diarrheal diseases, such as cryptosporidiosis and cholera, which are correlated to sewer overflows, wastewater treatment plant overflows, and contamination of water supplies by storm water runoff (O'Shea and Field 1992; Lipp et al. 2001a; 2001b; 2002; Rose et al. 2001; 2002; Checkley et al. 2000; Colwell 1996; Pascual et al. 2000; Portier et al. 2010) . The transmission of pathogens such as E. coli, Shigella, Salmonella, and viral hepatitis A is also likely to increase as a result of water contamination. The transmission dynamics of these diseases are further complicated if livestock or crops are contaminated with feces, posing a health risk to farm and outdoor workers (Casteel et al. 2006; Tanabe et al. 1999; Pianetti et al. 2004 ). In severe cases, or situations in which there is a high risk of human-to-human transmission, the use of antibiotics is required. Where complications occur, such as the development of hemolytic uremic syndrome or postinfectious arthritis, a number of supportive medical therapies are needed (Table 3 and Figure 4) . Schistosomiasis, also known as bilharzia, is a zoonotic disease produced by digenetic trematode flatworms (genus Schistosoma). Three species are responsible for most human infections including cases observed in Northern Hemisphere endemic countries (Turkey and areas of the eastern Mediterranean) (Gryseels et al. 2006; Chitsulo et al. 2000) . Human infection occurs when host freshwater snails release free-swimming larval parasites (cercaria) into the water. These parasites burrow into human skin upon contact. Infestations develop from acute cases (Katayama fever) into chronic schistosomiasis with varying levels of severity, and lead to life-threatening hepatosplenic disease and associated hepatic, periportal, and portal complications (Pearce and MacDonald 2002) . The anthelmintic Praziquantel is effective against all Schistosoma species, and is often administered in conjunction with corticosteroids to suppress hypersensitivity (Gryseels et al. 2006 ); see Table 3 and Figure 4 .
The influences of climate change on the zoonotic helminthiase (parasitic worm) diseases have not received as much attention as on the arboviruses, zoonotic microbial or viral pathogens. The effects on helminthiases and the other zoonotic pathogens differ because of the substantially longer life cycles of the helminths. It subsequently takes longer for organismal responses to changing environmental conditions to become apparent (Mas-Coma et al. 2009 ). As snails are essential to the life cycle of Schistosoma, the presence of appropriate snail species in the Northern Hemisphere is a key determinant in the emergence of this disease. Recent range expansions of 4 of the 34 known Biomphalaria species into areas such as Egypt, Hong Kong, and southern states of the United States have been observed (Pointier et al. 2005) . The presence of B. tenagophila within Eastern Europe (Romania) has also been confirmed (Majoros et al. 2008 ). This study did not detect the presence of trematode larvae inside these snails, but the presence of established snail populations means schistosomiasis could be introduced, and become endemic, via tourist or immigrant feces contaminated with flukes or eggs (Majoros et al. 2008 ). An investigation in Brazil suggested that the duration of drought periods and snail population density were vital determinants for schistomiasis prevalence, and that coastal regions were at greatest risk (Bavia et al. 1999) . Despite extensive control programs, schistomiasis is common in China, leading researchers such as Zhou et al. (2008) to investigate the impact of climate change upon transmission rates via risk mapping. Schistosomiasis ranges are expanding into the northern (currently) nonendemic regions, placing a total of 8.1% of China's surface area at risk by 2050. The recent range expansion of the snail, and the impact of drought and rising temperatures upon schistosomiasis transmission, imply that climatic change will increase bilharzia prevalence and the associated use of pharmaceuticals (Gajadhar and Allen 2004) . Other trematodes (such as the liver and lung parasites Fasciola, Clonorchis, Opisthorchis, and Paragonimus) are also likely to be affected by climate change in a manner similar to effects on Schistosoma, through the effects on their Biomphalaria hosts (Morgan et al. 2001) . Infections by these liver and lung flukes are typically treated with anthelmintics and corticosteroids when there is a risk of damage to the central nervous system (Table 3 and Figure 4 ).
ESTUARINE/MARINE WATER-AND FOOD-BORNE PATHOGENS
The study of Vibrio spp. provides an insight into the influence of climatic change upon estuarine and marine-borne illnesses because of its effects on ecology and pathogen abundance. As Vibrio spp. have a symbiotic relationship with plankton (some of which are associated with harmful algal blooms), modifications to plankton or other host populations affect Vibrio spp. abundance. Vibrio vulnificus infects humans during recreational and occupational activities (such as fishing and swimming) when open wounds are present, while V. parahaemolyticus is spreading its range with rising temperatures and is responsible for an increasing number of infections occurring when contaminated shellfish are eaten (Lipp and Rose 1997; Wittman and Flick 1995) . Gastrointestinal illnesses produced by Vibrio infections are usually treated with rehydration salts. However, if infection of the bloodstream occurs and/or there is underlying liver disease and immunosuppression, life-threatening septicemia arises and use of antibiotics is required (Table 3 and Figure 4) .
Vibrio cholera, the best known of the Vibrio spp., is associated with zooplankton and also found in the marine system. Phytoplankton is the primary food source of zooplankton, and when phytoplankton bloom in warmer periods, V. cholera populations also increase (Lobitz et al. 2000; Barbieri et al. 1999) . Warmer water temperatures associated with climate change are expected to expand the prevalence and range of V. cholera on both geospatial and temporal scales. This is because of ecological impacts upon phytoplankton, intrusion of salt water into inland systems due to sea-level rise, and the increasing frequency of El Niño southern oscillation events (Colwell and Huq 1998; Colwell 1996; Lipp et al. 2002) . With rising V. cholera populations, the risk of cholera cases in humans increases due to the consumption of raw or undercooked contaminated shellfish, which produce diarrhea and septicemia (Hlady and Klontz 1996) . This inevitably results in a rise in the use of antibiotics and other pharmaceuticals. It is worth pointing out, however, that factors other than climate change may be more significant in increasing cholera outbreaks: Evidence suggests that other anthropogenic factors (e.g., declining medical infrastructure, persistent insanitary conditions, and unintentional transmission of cholera via aid workers) are much more likely to foster increasing numbers of cholera outbreaks. Boxall et al. (2009) highlighted how changing climatic conditions might increase the level of contact between farm workers and livestock. If grazing land is waterlogged or animals suffer heat stress, it may be necessary to house livestock indoors. This elevates humanto-animal contact and the necessity for farm workers to dispose of manure. In turn, the risk of transmitting zoonotic pathogens such as Cryptosporidium rises (Reif et al. 1989; Boxall et al. 2009 ). Altered weather conditions driven by climate change may impair the health of livestock and increase the susceptibility of animals to infection. In the aquaculture sector, similar environmental conditions enable new diseases, pests, and parasites to emerge, producing changes in biodiversity, and temperature-related physiological stresses. These changes ultimately bring about range shifts and potential extinctions and/or mass mortalities of certain populations (Cochrane et al. 2009; Harvell et al. 1999; Hofmann et al. 2001 This important issue cannot be considered in detail here, but it is clear that climate change is more generally affecting practices in agriculture and aquaculture, leading to increased use of veterinary pharmaceuticals. This has major implications for human health. For example, the extensive employment of antibiotics within veterinary contexts is exerting significant adverse consequences for drug efficacy. The rising resistance of Salmonella to fluroquinolone antibiotics is an example. This resistance occurred only when fluroquinolones became licensed for veterinary use. For more extensive discussion regarding antimicrobial resistance, see available reviews in the literature (Taylor et al. 2011; Wright 2010; Kümmerer 2009a; 2009b) .
AGRI-/AQUACULTURE
Climate change will enable new weeds, pests, and diseases to thrive and will allow indigenous pests to proliferate. This poses challenges for arable crop production and is likely to result in higher pesticide use (Reidsma et al. 2007; Baker et al. 2000; Bale et al. 2002; Olesen et al. 2011) . There is already evidence that warmer temperatures are leading to outbreaks of infestation, and a poleward spread of pests such as the European corn borer (Ostrinia nubilalis, Hubner) (Trnka et al. 2007 ). Exposure to numerous biocides was shown to harm human health. Epidemiological studies associated the incidence of Parkinson's disease with pesticide exposure (Ascherio et al. 2006) . Repeated exposure to low doses of organophosphate biocides is thought to play an important role in neurotoxicity and development of cancers such as leukemia and lymphoma (López et al. 2007; Alavanja et al. 2004) . Chlorphenoxy herbicide exposure has been linked with a range of human health impacts, including congenital, urogenital, and muscuolskeletal abnormalities, malformation of respiratory and circulatory systems, and possibly cancer (Stillerman et al. 2008) .
Treatment of these serious and often debilitating diseases requires long-term employment of polypharmacy (including psychoactive drugs, dopamine agonists, monoamine oxidase inhibitors, and catechol O-methyltransferase inhibitors for Parkinson's disease). For the treatment of cancers such as leukemia, induction chemotherapy is required, which typically involves the employment of corticosteroids, mitotic inhibitors, and anthracycline drugs, followed by consolidation therapy with antimetabolite drugs. In short, the increasing use of pharmaceuticals and other chemicals in agri-/aquaculture due to climate change is leading to environmental contamination and a range of acute and chronic diseases in humans and other animals. Ironically, this is necessitating an even greater use of pharmaceuticals.
CONCLUDING REMARKS
Over the next few decades, climate change in the Northern Hemisphere is likely to exacerbate diseases, some of which are already common, especially non-communicable diseases (e.g., cardiovascular disease and mental illness). Evidence is presented here that these changes will be associated with altered patterns of pharmaceutical use, notably the use of medications now classified as "heavy usage Western drugs" (e.g., beta-blockers, ACE inhibitors, statins, salicylates, antiplatelets, vasodilators, anticoagulants, and a myriad of antidepressants, antipsychotics, and sedatives; Figure 2 ). As the weather changes, those suffering from respiratory diseases such as asthma and allergic rhinitis may, in many locations, experience more severe symptoms. An increase in the number of sensitive individuals also seems plausible. The incidence of infectious disease is likely to rise (e.g., cryptococcal infection), and substantial growth in human and animal diarrheal disease is predicted as the transmission of Cryptosporidium, Vibrio spp., Escherichia coli, Salmonella, and other pathogens is promoted. Bacterial infections in general are likely to proliferate with the changing climate, including both primary (e.g., scabies, conjunctivitis) and secondary (e.g., impetigo, Staphylococcus, Streptococcus) infections (see Figure 2) .
The emergence of parasitic and infectious diseases, some of which are already proliferating, will accelerate the use of drugs now used only irregularly in the Northern Hemisphere. These pharmaceuticals will undoubtedly gain entry into the environment but have to date received little attention from environmental researchers and ecotoxicologists. Vector-borne diseases that are likely to occur more widely as the climate changes include insect-borne and tick-borne infections. Among the new parasites now being seen more often are liver and lung helminths, including Schistosoma spp. To treat these emerging illnesses, medications for parasitic diseases (e.g., insecticides, anthelminitics, antimalarials, antimonials, antiprotozoals) and the symptomatic treatment of encephalitis and cryptoccocal meningitis (e.g., anticonvulsants, antipyretics, antiemetics) will be required in ever larger volumes (Figure 3 and 4) . In addition, the increased use of pharmaceuticals used to treat common symptoms, or to prevent further risks to health, can be expected (e.g., analgesics, anti-inflammatory, and antibacterial or antifungal agents) (Figure 2 to 4) .
The potential impact of climate change on disease incidence in the future remains uncertain and is subject to controversy, with opposing views represented in the scientific literature. Recent demands for greater rigor and a deeper appreciation of the complexity of climate change and disease interactions merit urgent consideration (Lafferty 2009; Rohr et al. 2008; Hay et al. 2002) . A balanced assessment of available literature does, however, suggest that climate change has the potential to influence human health and diseases on a global scale, as shifts in climatic zones occur. Certain diseases, such as those discussed herein, have the potential to increase in incidence in a number of regions. There is also likely to be a concurrent decrease in the incidence of other diseases due to climate change; however, available literature does not generally focus upon decreased morbidity due to climate change. Such studies would be particularly beneficial when considering future provision of medical/health resources. The reality is that scientists are currently unable to predict with a high level of certainty when and where specific changes will occur.
It is known that geospatial disease distributions are being (and will be further) modified by changing climatic conditions. As a result, pharmaceutical use will alter, together with the release of these drugs into the environment. Whether new diseases will emerge in specific regions, become endemic, or pose a significant risk to human health will depend largely on local control and mitigation strategies, including vector control programs (World Health Organization 2010 ). This in turn will depend on local policies (Stern 2006) . A number of other factors, such as regional poverty, human migration, land use, water quality, air quality, and ecological adaptation, will play fundamental roles in determining the proliferation of diseases. Due to uncertainty on the impact of climate change (in isolation) upon disease distribution, it is not possible to accurately discuss the influence of other factors without significant speculation, particularly as these are likely to be highly geographically localized and consist of complex networks of influencing factors, thereby complicating current predictions of future risks to human health.
With different disease profiles, the localized requirements for pharmaceuticals will alter in both quantity and type, regardless of whether control or mitigation strategies are put in place. This is because pharmaceuticals might act as the foundation of these programs, especially where a strategic prophylactic approach is being taken (Costello et al. 2011) . Scientists investigating the environmental transport, fate, and ecotoxicology of drugs in ecosystems need to be prepared to reassess which pharmaceuticals are targeted for investigation.
The information presented here highlights some of the types of drugs that are likely to be used more extensively in the Northern Hemisphere. Further investigations addressing the interactions between pharmaceuticals and climate change are urgently needed to quantify pharmaceutical use, determine the economic implications (both in terms of drug provision and environmental consequences), and explore the medical and veterinary implications (in terms of training, prevention, and treatment). Research is also needed to develop a more systematic approach to future global disease management in a rapidly changing world.
